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Essential	 oils	 (EOs)	 are	 natural	 substances	 extracted	 from	 aromatic	 and	medicinal	
plants	 (AMPs),	 important	 in	 food	 preservation.	 Several	 studies	 have	 shown	 that	
AMPs,	as	well	as	their	EOs	have	antimicrobial	(antibacterial	and	antifungal)	activity.	
Indeed,	our	in	vitro	studies	have	shown	that	oregano	and	thyme	EOs	are	effective	
against	 foodborne	 bacteria,	 isolated	 from	 fermented	meat	 products	 and	 cheeses,	
such as Escherichia coli,	Listeria monocytogenes,	Salmonella	 spp.,	and	Staphylococcus 
aureus.	However,	EOs	of	 thyme	and	oregano	seem	to	control	 the	growth	of	 fungi,	
namely Botrytis cinerea and Aspergillus	 spp.,	affecting	 the	shelf‐life	of	 fruits	during	
postharvest.	 The	EOs	of	 sage	 and	 rosemary	have	 shown	 little	or	 no	 antimicrobial	








EOs	may	also	extend	 the	shelf‐life	of	 food	products.	 In	 the	present	 study,	experi‐
mental	shelf‐life	trials	using	EOs	with	different	food	products	were	performed,	with	
promising	preliminary	results.	Cinnamon,	sage,	and	thyme	EOs	extended	the	shelf‐






The	 European	 Union	 (EU)	 defines	 aromatic	 and	 medicinal	 plants	




ing,	 and	 in	 the	 food,	 pharmaceutical,	 and	 liquor	 industries.	 These	
plants have the ability to synthesize a wide variety of chemical 
compounds	used	to	perform	important	biological	functions,	and	to	
defend	 against	 attack	 from	 predators,	 such	 as	 insects,	 fungi,	 and	
herbivorous mammals.
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Several	 authors	 have	 reviewed	 the	 use	 of	 AMPs	 EOs,	 and	 re‐















The	 present	 study	 evaluated	 the	 in	 vitro	 antimicrobial	 activity	
of	AMPs	EOs,	and	further	 investigated	the	role	of	AMPs	and	their	
EOs	 in	shelf‐life	studies,	 through	 the	evaluation	both	microbiolog‐
ical	 quality	 and	 sensory	 acceptability	 of	 food	products	 by	 trained	
panelists.
2  | MATERIAL S AND METHODS
2.1 | In vitro studies
Food	 grade	 commercial	 EOs	 from	 six	 AMPs,	 namely	 cinnamon	
(Cinnamomum verum former Cinnamomum zeylanicum),	 clove	
(Syzygium aromaticum former Eugenia caryophyllus),	 oregano	





sausages,	 and	 fungi	 isolated	 from	 fruits,	 namely	 strawberries,	 and	
table	grapes,	was	evaluated.
The	antibacterial	 activity	was	 classified	 in	 three	 categories	 ac‐
cording	to	Espina	and	co‐workers	(2011).
The	 antifungal	 activity	 was	 measured	 as	 percentage	 (%)	 of	



















Soft	goat	cheese	was	manufactured	 in	a	 local	cheese	 industry.	
Three	 treatments	were	studied	and	compared	 to	control:	oregano	
EO	(0.34	mg/g	of	cheese	formulation),	oregano	dry	leaves	(10	g/kg	
of	 cheese	 formulation,	 according	 to	 artisanal	manufacturing	 prac‐
tice),	and	both.	Oregano	EO	as	well	as	oregano	dry	leaves	was	used	











Different	panels	of	10	qualified	 judges	 for	 fruits,	 cheeses,	 and	
meat	 were	 trained	 in	 accordance	 with	 ISO	 8586	 (1993).	 Sensory	




tributes considered for each food product.
Three	batches,	and	two	replicates	per	batch,	were	analyzed	for	







Oregano	 and	 thyme	 EOs	 are	 effective	 against	 foodborne	 bac‐
teria,	 isolated	 from	 fermented	 meat	 products	 and	 cheeses,	 such	
as Escherichia coli,	 Listeria monocytogenes,	 Salmonella	 spp.,	 and	
Staphylococcus aureus	(Table	1).	Rosemary	and	sage	show	low	or	no	
antimicrobial	activity,	while	cinnamon	and	clove	show	intermediate	
antimicrobial activity against all tested bacteria.
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EO	of	 thyme	 (Table	2)	 is	 the	most	effective	one	and	 seems	 to	
control	the	growth	of	all	studied	fungal	isolates.	Oregano	EO,	how‐
ever,	inhibited	the	growth	of	Aspergillus	spp.,	Alternaria	sp.,	Botrytis 
cinerea,	Cladosporium	 sp.,	 and	Penicillium	 sp.	 The	 EOs	 of	 sage	 and	
rosemary	have	shown	little	or	no	antimicrobial	activity,	while	cinna‐
mon	 and	 clove	EOs	 showed	 an	 intermediate	 antimicrobial	 activity	
(Table	2).
3.2 | Shelf‐life studies with fruits








ketable	 strawberries	 increased	 pronouncedly,	 particularly	 in	 the	
control	 treatment.	 Sage	 EO	 showed	 the	 best	 results	 controlling	
fungi,	mainly	Botrytis cinerea and Rhizopus	spp.	Thyme	EO	has	been	
reported as being very effective controlling B. cinerea and Penicillium 
expansum	in	some	apple	cultivars	(Lopez‐Reyes,	Spadaro,	Gullino,	&	
Garibaldi,	2010).	However,	in	the	trial	with	strawberries,	we	did	not	
observe	the	expected	results	regarding	the	control	of	B. cinerea by 
thyme	EO	(Campos	et	al.,	2016).
Microbiological	 analyses	 throughout	 42	 days	 (data	 not	 shown)	
revealed that moulds were the predominant microbiota present in 
table	 grapes,	with	Aspergillus niger being isolated from most sam‐
ples.	Psychrotrophic	and	mesophilic	bacteria	were	present	in	slightly	
lower	numbers	(approximately	2.0	log	after	42	days),	while	entero‐
bacteria were mostly not detected.




Cinnamon	was	 the	most	 effective	 EO	 on	Days	 28	 and	 35,	 al‐
though on Day 28 it was not significantly different from the control 
treatment	 (p	>	 .05)	 (Figure	1).	Cinnamon	EO	treated	samples	were	
not	evaluated	on	Day	42,	due	to	a	pronounced	browning	of	the	ra‐
chis	 (visual	 inspection).	Melgarejo‐Flores	 et	 al.	 (2013)	 investigated	











EOs	 seem	 to	 play	 a	 major	 role	 in	 delaying	 the	 onset	 of	 fungi	
rather	 than	 inhibiting	 fungal	 growth.	 It	 is	 possible	 that	 their	 ac‐
tion	 is	 fungistatic	 and	not	 fungicidal.	Generally,	 the	use	of	 EOs	 in	







cause negative effects on flavor.
3.3 | Shelf‐life studies with soft goat cheese





TA B L E  1  Antimicrobial	activity	of	EOs	measured	by	the	inhibition	halo	diameter	(in	mm)	against	gram‐negative	and	gram‐positive	
bacteria
EOs
Gram‐negative bacteria Gram‐positive bacteria
Escherichia coli Salmonella spp. Listeria monocytogenes Staphylococcus aureus
Cinnamon 14.7	±	0.6	(M) 14.7	±	0.6	(M) 15.7	±	0.6	(M) 13.7	±	0.6	(M)
Clove 15.5	±	0.5	(M) 13.5	±	0.5	(M) 15.0	±	1	(M) 13.3	±	0.6	(M)
Oregano 26.5	±	0.5	(S) 24.5	±	0.5	(S) 32.5	±	0.5	(S) 37.0	±	1	(S)
Rosemary 6.0	±	0.0	(NI) 6.0	±	0.0	(NI) 15.5	±	0.5	(M) 8.5	±	0.5	(NI)
Sage 6.0	±	0.0	(NI) 6.0	±	0.0	(NI) 8.8	±	0.29	(NI) 6.0	±	0.0	(NI)
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No	significant	differences	were	observed	 in	the	numbers	of	all	
tested	microbial	groups	between	the	sixth	(T6)	and	eighth	day	(T8)	
for	 the	 treatment	with	 oregano	 EO	 and	 oregano	 leaves	 (p	 >	 .05):	
mesophiles	 (7.2–7.3	 log	cfu/g),	psychrotrophic	bacteria	 (7.5–7.5	 log	
cfu/g),	 enterobacteria	 (7.2–7.3	 log	 cfu/g),	 and	 yeasts	 (4.7–4.9	 log	
cfu/g).
Sensory	 evaluation	 evidenced	 the	 rejection	 of	 the	 soft	 goat	
cheeses	 treated	with	oregano	 in	all	 forms,	due	 to	 the	presence	of	
a	pronounced	bitter	taste	 (data	not	shown).	However,	the	cheeses	
manufactured only with oregano leaves were highly appreciated 
(data	not	shown).




tion	 in	 the	 populations	 of	 the	 studied	microbial	 groups	 (p	 >	 .05).	
However,	thyme	EO	showed	some	promising	results	in	reducing	the	
counts	 of	 all	 studied	microbial	 groups,	 particularly	 enterobacteria	
(p	<	.05).
A	few	random	sensory	analyses	indicate	that	the	use	of	EOs	does	
not	 depreciate	 pork	meat	 organoleptic	 attributes.	Moreover,	 their	
















The	usual	 shelf‐life	of	 soft	 goat	 cheese	given	by	 the	manufac‐
ture	 is	6	days.	The	use	of	the	combined	treatment	of	oregano	and	
oregano	EO	enabled	the	extension	of	the	shelf‐life	to	8	days,	since	
no significant changes were observed in the microbiota of cheeses. 
Other	authors	had	obtained	better	antibacterial	results	with	oregano	
EO	in	feta	cheese	(Govaris	et	al.,	2011).
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and	meat	 products	 (Sharma,	Mendiratta,	 Agarwal,	 Kumar,	 &	 Soni,	














F I G U R E  1  Moulds	(log	cfu/g)	present	
in table grapes subjected to different 
treatments for a postharvest period of 
42 days
F I G U R E  2  Microbiota	(log	cfu/g)	of	













trabalho	 da	 indústria	 agroalimentar	 (04/SIAC/2015‐SIAC	 16159)	
and	Fundação	para	a	Ciência	e	a	Tecnologia	(FCT)	under	project	UID/
AGR/00115/2019.
CONFLIC T OF INTERE S T
The	authors	have	declared	no	conflicts	of	interest	for	this	article.
ORCID
Marta Laranjo  https://orcid.org/0000‐0002‐3900‐5592 
Miguel Elias  https://orcid.org/0000‐0002‐0877‐0101 
R E FE R E N C E S
Álvarez,	D.,	Delgado,	D.,	Salazar,	C.,	&	Hurtado,	A.	(2010).	Evaluación de 
la sensibilidad del patógeno Phytophthora infestans (Mont.) de Bary al 





in	meat	and	meat	products:	A	review.	Journal of Human, Environment, 
and Health Promotion,	 1(2),	 63–74.	 https	://doi.org/10.29252/	
jhehp.1.2.63
Arvind,	G.	K.,	Agarwal,	R.,	&	Vishnuraj,	M.	R.	(2015).	Antimicrobial	effect	
of oregano and thyme essential oils coated carrageenan based edible 
film. Journal of Pure and Applied Microbiology,	9(2),	1657–1663.
Asensio,	C.	M.,	Grosso,	N.	R.,	&	Rodolfo	Juliani,	H.	(2015).	Quality	pres‐
ervation of organic cottage cheese using oregano essential oils. 
LWT – Food Science and Technology,	 60(2),	 664–671.	 https	://doi.
org/10.1016/j.lwt.2014.10.054
Burt,	 S.	 (2004).	 Essential	 oils:	 Their	 antibacterial	 properties	 and	 po‐
tential	 applications	 in	 foods:	 A	 review.	 International Journal of 












Sorauer.	Revista de Protección Vegetal,	28,	54–59.
Es'haghi	Gorji,	M.,	Noori,	N.,	Nabizadeh	Nodehi,	R.,	 Jahed	Khaniki,	G.,	
Rastkari,	N.,	&	Alimohammadi,	M.	(2014).	The	evaluation	of	Zataria 
multiflora	 Boiss.	 essential	 oil	 effect	 on	 biogenic	 amines	 forma‐
tion	and	microbiological	profile	 in	Gouda	cheese.	Letters in Applied 
Microbiology,	59(6),	621–630.	https	://doi.org/10.1111/lam.12319	
Espina,	L.,	Somolinos,	M.,	Lorán,	S.,	Conchello,	P.,	García,	D.,	&	Pagán,	
R.	 (2011).	 Chemical	 composition	 of	 commercial	 citrus	 fruit	 essen‐
tial oils and evaluation of their antimicrobial activity acting alone or 
in combined processes. Food Control,	 22(6),	 896–902.	 https	://doi.
org/10.1016/j.foodc	ont.2010.11.021
Fratianni,	 F.,	 De	 Martino,	 L.,	 Melone,	 A.,	 De	 Feo,	 V.,	 Coppola,	 R.,	 &	
Nazzaro,	 F.	 (2010).	 Preservation	 of	 Chicken	 breast	 meat	 treated	




spices essential oils against pathogens and spoilage bacteria asso‐




cured sausage manufactured with herbs and spices essential oils and 
their sensorial acceptability. Food Control,	59,	262–270.	https	://doi.
org/10.1016/j.foodc	ont.2015.05.027
Govaris,	 A.,	 Botsoglou,	 E.,	 Sergelidis,	 D.,	 &	 Chatzopoulou,	 P.	 S.	 (2011).	
Antibacterial	activity	of	oregano	and	thyme	essential	oils	against	Listeria 
monocytogenes and Escherichia coli	O157:H7	in	feta	cheese	packaged	
under modified atmosphere. LWT – Food Science and Technology,	44(4),	
1240–1244.	https	://doi.org/10.1016/j.lwt.2010.09.022
Gyawali,	 R.,	&	 Ibrahim,	 S.	A.	 (2014).	Natural	 products	 as	 antimicrobial	




ISO	 17410	 C.F.R.	 (2001).	 Microbiology	 of	 food	 and	 animal	 feeding	




ISO	 21527‐2	 C.F.R.	 (2008).	 Microbiology	 of	 food	 and	 animal	 feed‐
ing	 stuffs—Horizontal	 method	 for	 the	 enumeration	 of	 yeasts	 and	
moulds—Part	2:	Colony	count	technique	in	products	with	water	ac‐
tivity	less	than	or	equal	to	0,95.
ISO	4833–1	C.F.R.	 (2013).	Microbiology	of	 the	 food	chain—Horizontal	






sion of lamb meat using thyme or oregano essential oils and modified 








Méndez‐Vilas	(Ed.),	Antimicrobial research: Novel bioknowledge and ed‐
ucational programs	(pp.	177–188).	Badajoz,	Spain:	Formatex	Research	
Center.
Lopez‐Reyes,	 J.	 G.,	 Spadaro,	D.,	 Gullino,	M.	 L.,	 &	Garibaldi,	 A.	 (2010).	
Efficacy	of	plant	essential	oils	on	postharvest	control	of	rot	caused	
by fungi on four cultivars of apples in vivo. Flavour and Fragrance 
Journal,	25(3),	171–177.	https	://doi.org/10.1002/ffj.1989
Lubbe,	A.,	&	Verpoorte,	R.	(2011).	Cultivation	of	medicinal	and	aromatic	
plants for specialty industrial materials. Industrial Crops and Products,	
34(1),	785–801.	https	://doi.org/10.1016/j.indcr	op.2011.01.019
Melgarejo‐Flores,	 B.	 G.,	 Ortega‐Ramírez,	 L.	 A.,	 Silva‐Espinoza,	 B.	 A.,	
González‐Aguilar,	 G.	 A.,	 Miranda,	 M.	 R.	 A.,	 &	 Ayala‐Zavala,	 J.	 F.	
(2013).	Antifungal	protection	and	antioxidant	enhancement	of	table	
grapes	 treated	 with	 emulsions,	 vapors,	 and	 coatings	 of	 cinnamon	
leaf oil. Postharvest Biology and Technology,	86,	321–328.	https	://doi.
org/10.1016/j.posth	arvbio.2013.07.027
     |  7 of 7LARANJO et AL.
Olmedo,	R.	H.,	Nepote,	V.,	&	Grosso,	N.	R.	(2013).	Preservation	of	sensory	
and chemical properties in flavoured cheese prepared with cream 
cheese base using oregano and rosemary essential oils. LWT – Food 
Science and Technology,	 53(2),	 409–417.	 https	://doi.org/10.1016/j.
lwt.2013.04.007
Ponce,	 A.	 G.,	 Roura,	 S.	 I.,	 del	 Valle,	 C.	 E.,	 &	 Moreira,	 M.	 R.	 (2008).	
Antimicrobial	and	antioxidant	activities	of	edible	coatings	enriched	
with	natural	plant	extracts:	In	vitro	and	in	vivo	studies.	Postharvest 
Biology and Technology,	 49(2),	 294–300.	 https	://doi.org/10.1016/j.
posth	arvbio.2008.02.013
Reyes‐Jurado,	 F.,	 Franco‐Vega,	 A.,	 Ramírez‐Corona,	 N.,	 Palou,	 E.,	 &	





tial	oils	in	fresh	chicken	sausages.	Journal of Food Science and Technology,	
54(2),	279–292.	https	://doi.org/10.1007/s13197‐016‐2461‐z
Sivakumar,	D.,	&	Bautista‐Baños,	S.	 (2014).	A	review	on	the	use	of	es‐
sential oils for postharvest decay control and maintenance of fruit 
quality	 during	 storage.	 Crop Protection,	 64,	 27–37.	 https	://doi.
org/10.1016/j.cropro.2014.05.012
Smith‐Palmer,	A.,	 Stewart,	 J.,	&	Fyfe,	 L.	 (2001).	 The	potential	 applica‐




Sharma,	H.	 (2018).	 Effect	of	 essential	 oils	 incorporated	edible	 film	
on	 quality	 and	 storage	 stability	 of	 chicken	 patties	 at	 refrigeration	
temperature	(4	±	1°C).	Journal of Food Science and Technology,	55(9),	
3538–3546.	https	://doi.org/10.1007/s13197‐018‐3279‐7
Soni,	A.,	Kandeepan,	G.,	Mendiratta,	S.	K.,	Shukla,	V.,	&	Kumar,	A.	(2016).	
Development and characterization of essential oils incorporated 
carrageenan	 based	 edible	 film	 for	 packaging	 of	 chicken	 patties.	
Nutrition & Food Science,	 46(1),	 82–95.	 https	://doi.org/10.1108/
nfs‐05‐2015‐0065
Swamy,	 M.	 K.,	 Akhtar,	 M.	 S.,	 &	 Sinniah,	 U.	 R.	 (2016).	 Antimicrobial	
properties of plant essential oils against human pathogens 
and	 their	 mode	 of	 action:	 An	 updated	 review.	 Evidence‐Based 
Complementary and Alternative Medicine: Ecam,	2016,	1–21.	https	://
doi.org/10.1155/2016/3012462
Thakur,	 N.,	Mendiratta,	 S.	 K.,	 Chauhan,	 G.,	 Soni,	 A.,	 &	 Agrawal,	 R.	 K.	
(2019).	 Antioxidant	 and	 antimicrobial	 effect	 of	 oregano	 essential	
oil	 on	 shelf‐life	 of	 chicken	 patties.	 International Journal of Current 




packaging	 with	 eugenol	 or	 thymol	 to	 maintain	 quality,	 safety	
and functional properties of table grapes. Postharvest Biology 




safety	 by	 the	 combination	 of	 modified	 atmosphere	 packaging	
(MAP)	and	eugenol,	menthol,	or	thymol.	Journal of Agricultural and 
Food Chemistry,	53(19),	7458–7464.	https	://doi.org/10.1021/jf050	
913i
How to cite this article:	Laranjo	M,	Fernández‐León	AM,	
Agulheiro‐Santos	AC,	Potes	ME,	Elias	M.	Essential	oils	of	
aromatic and medicinal plants play a role in food safety. 
J Food Process Preserv. 2019;00:e14278. https ://doi.
org/10.1111/jfpp.14278 
